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Abstract 

Background: This systematic review aimed to investigate the reliability of ultrasound method compared with digital 
vaginal examinations in detecting cervical dilation.

Methods: We searched Cochrane (CENTRAL), MEDLINE, EMBASE, CINAHL, ISI Web of Science Core Collection, Trip 
Database, PubMed, DARE and NHS EED, HTA, and PROSPERO. Ten observational studies with a total sample size of 856 
were included in the meta-analysis.

Results: The intraclass correlation coefficient (ICC) values ranged between 0.21 and 0.69. The fixed-effect models 
for the ultrasound test showed an average of ICC (r = 0.32 (95% CI 0.26–0.38). Correlation between two methods was 
poor (r = 0.359, 95% CI 0.26–0.44). In nulliparous and multigravida participants the correlation between ultrasound 
measurements and digital examinations was (r = 0.349, 95% CI 0.25–0.43) and ICC (r = 0.676, 95% CI 0.419–0.833), 
respectively.

Conclusion: Trans-perineal ultrasonography seems to be a reliable method for assessing labor progression in multi-
gravida women, but its usage in nulliparous women needs further studies.
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Background
Diagnosing the onset of labor is one of the most critical 
and complex judgments made by care providers in the 
delivery room [1]. Measurement of cervical dilatation is 
considered the most crucial parameter for labor progress 
during childbirth and the main reason for doing digital 
vaginal examination (DVE) in women with signs of labor 
onset [2, 3]. Cervical dilatation is also used to study uter-
ine activity, oxytocin use, and the transition from latent 
to the active phase of labor and it is an essential element 

of Bishop Score [4]. Also, cervical dilatation is used to 
predict the mode of delivery so that people with pro-
longed labor may have more cesarean sections [5]. Today, 
the correct measurement of cervical dilation has the 
utmost importance and help health providers to make 
a timely and proper decision. Methods used to assess 
cervical dilatation are classified into three categories: 
(1) traditional techniques such as mechanical devices, 
electromagnetic devices, and electronic sensor systems; 
(2) DVE; (3) and ultrasonic machines [6]. DVE was the 
most common method for measuring cervical dilatation 
in the past and has been the gold standard for assessing 
labor progress [7, 8]. However, it can be subjective, inac-
curate, and uncomfortable for women [9]. Also, only 50% 
of assessments are accurate, and there is an increased risk 
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of infection with frequent DVE [8, 10]. Therefore, vaginal 
examination cannot be a correct scale for measuring cer-
vical dilatation, mainly when done by different examiners 
[11]. Because of the poor reliability and pain associated 
with DVE, the use of intrapartum ultrasound to meas-
ure cervical dilation has been suggested as an alterna-
tive method [12]. Abdominal, vaginal, trans-labial, and 
trans-perineal 2-dimensional (2D) and 3D ultrasounds 
have been used to measure cervical dilatation during 
labor [13]. The first usage of trans-perineal ultrasonog-
raphy for measuring the cervical os at various stages of 
labor was reported in 1996 by Voskresinsky [14]. In 2009, 
Zimerman et al. compared 3D ultrasound assessments of 
cervical dilatation and clinical examinations and found a 
significant correlation [15]. Hassan et al. found excellent 
agreement between trans-perineal ultrasound (TPUS) 
and DVE in measuring cervical dilation [11]. Trans-labial 
3D ultrasonography has been suggested as an accurate 
and reproducible method for assessing cervical dilatation 
[15]. As a result, evidence indicates that the most fre-
quently used imaging technology for measuring cervical 
dilatation is ultrasound [16]. However, which particular 
ultrasound modality is superior to others is unclear. It is 
also not clear how reliable ultrasound measurements are 
compared to vaginal examination. The current review 
aims of the current review is to verify the reliability of the 
ultrasound method compared with DVE in detecting cer-
vical dilation.

Materials and methods
This systematic review followed the methodology con-
sistent with Systematic Reviews and Meta-Analyses of 
diagnostic testing studies. The protocol of this systematic 
review was published in 2019 [17].

Search strategy
In this systematic review, we included promulgated 
studies until April 19, 2019. The search was updated on 
May 17, 2020. Frequent searches were performed on 
Cochrane Central Register of Controlled Trials (CEN-
TRAL) via Cochrane Library, MEDLINE via Ovid, 
EMBASE via Ovid, CINAHL, ISI Web of Science Core 
Collection, Trip Database, PubMed Systematic Reviews 
subset, DARE, and NHS EED via the University of York, 
HTA and PROSPERO via the University of York (all data-
bases were searched from inception to the current data). 
Ultrasound Methods, Cervical Dilatation, and Labor 
were used as key-words.

Inclusion and exclusion criteria
Included in this review were all observational studies 
with cross-sectional or diagnostic case–control study 
designs evaluating the accuracy of available methods for 

cervical dilation measurement during labor. We assessed 
measurement method alone or in combination with 
DVE (when used in a diagnostic algorithm). We did not 
impose any language restriction in this review. Stud-
ies that had the following characteristics were included: 
studies using ultrasound and DVE for detecting cervical 
dilation, and those which recruiting women with single-
ton pregnancy, with any type of placenta attachment or 
type of conception, at any maternal age, and body mass 
index. Studies that recruited pregnant women with twins, 
triplets, or quadruplets were excluded. All cited studies 
must have obtained informed consent from each and 
every study participant and received protocol approval 
from an ethics committee or institutional review board 
(Fig. 1).

Study selection and data extraction
The search was carried out by MA. Two authors (MA 
and ZM) independently screened all searched studies 
and extracted data using Excel from those included in the 
review. If there was a conflict, it was resolved by discus-
sion or getting advice from a third party (PA or SJ).

We used the Quality Assessment of Diagnostic Test 
Accuracy Studies-2 (QUADAS-2) to assess the methodo-
logical quality of the included studies. The QUADAS-2 
tool was applied in four phases: it summarizes the review 
question, tailors the instrument, and produces review-
specific and judge bias and applicability. Each paper was 
judged as having a ‘low’, ‘high’, or ‘unclear’ risk for each of 
the four domains, and concerns about applicability were 
assessed in three disciplines. Two review authors (MA 
and ZM) independently applied the QUADAS-2 tool to 
the full text of each study. Disagreements were resolved 
by discussion, or if needed, by a third review author (SJ or 
PA). RevMan software was also used to construct meth-
odological quality summary graphs. The summary of risk 
of bias assessment is presented in Fig. 2.

Statistical analysis
The unit of analysis in studies was women in labor, as 
cervical dilatation is a single calculated measure using 
various methods. We extracted the intraclass correlation 
coefficient (ICC), and the Pearson correlation coefficient 
and P values associated with these measures to esti-
mate the reliability of ultrasound compared with DVE. 
The data were then transferred into the Comprehensive 
Meta-Analysis Software to produce plots and estimates. 
We presented individual study results graphically by plot-
ting the estimates of reliability in forest plots.

To facilitate comparisons across studies, eligibility 
was restricted to studies measuring reliability via: (1) 
intraclass correlation coefficient (ICC); (2) Pearson cor-
relation coefficient, and (3) minimal detectable change 
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with a 95% confidence level. The ICC, inter- and intra-
tester reliability measure, essentially assess absolute 
agreement in repeated measurements of an object. ICC 
has been commonly used in the functional connectivity 
literature to assess reliability by some authors [18, 19]. 
Pearson’s correlation is used where variables are scaled 
and centered separately. It is used to assess the strength 
of a linear relationship between the results of two tests 
[20]. To maximize the number of studies included in 

the forest plot, when an article only reported the mini-
mal detectable change with a 95% confidence level, it 
was transformed into SEM using the following formula:

Then the SEM was converted into ICC using Formula 
(2).

Formula:

(1)SEM =
MDC

1.96×
√
2
.

Fig. 1 Flow diagram of the study



Page 4 of 10Mohaghegh et al. Ultrasound J           (2021) 13:37 

Pearson correlation coefficient was also converted to 
ICC, and the final meta-analysis was conducted using 
ICC values. Using raw ICC values, we analyzed the data 
with the assumption that they were distributed normally. 
To perform a meta-analysis of pooled ICC using the 
random-effects model, all coefficients were transformed 
to Fisher’s Z values and weighted by sample size using 
inverse variance weight for the analysis. The average 
reliability coefficients and their confidence limits were 
back-transformed to the original metric of reliability 
coefficients to facilitate the interpretation of the results. 
ICC values of 0.7–0.9 were considered acceptable, but 
values higher than 0.9 deemed desirable [21].

The heterogeneity was assessed by calculating the Q 
statistic and the I2 index. The I2 above 50% was consid-
ered heterogeneous. The statistical analyses were carried 
out with Comprehensive Meta-analysis 3.3 software (Bio-
Stat, Englewood, NJ, USA) [22]. Additionally, a funnel 
plot was drawn to estimate the publication bias.

Results
In the primary search of databases, 1430 articles were 
found. After removing the duplicates (n = 1233), the titles 
and abstracts were screened for potentially relevant stud-
ies (n = 1222). Eleven articles were considered eligible for 
full-text screening. We attempted to contact the authors 

(2)ICC =
√
1−

SEM
2

SD
2
.

to obtain the complete text for one article, but received 
no reply, so we excluded this study [23]. Finally, ten stud-
ies were included in the meta-analysis (Fig. 1).

The included studies were published from 2009 to 2019 
with a prospective cohort design. The characteristics of 
the included studies are shown in Table  1. Three of the 
studies were conducted in the UK [11, 12, 24], and seven 
in each of following countries: Spain [25], South Korea 
[7], Republic of Ghana [3], Tunisia [26], Sweden [27], 
Turkey [28], and Israel [15]. All studies were performed 
in the hospital setting. TPUS or trans-labial ultrasound 
(TIUS) versus DVE was used for the assessment of cervi-
cal dilatation during labor in all studies. The transducer 
of the ultrasound examinations was placed transperine-
ally at the level of the posterior Fourchette in a sagittal 
position. Vaginal digital examinations were performed 
before or immediately after the ultrasound examination 
by the responsible birth attendant. Six studies recruited 
both nulliparous and multigravida women [3, 7, 15, 24, 
25, 28], and one study enrolled only nulliparous women 
[11]. One study used TLUS (trans-labial ultrasound) 
method, and other studies adopted TPUS (trans-perineal 
ultrasound) method. The sample size of all studies ranged 
from 25 to 195. The total number of participants enrolled 
was 856 in both groups.

Overall meta‑analysis
We analyzed ten studies with a total sample size of 856. 
The ICC values ranged between 0.21 and 0.69. The fixed-
effect models for the ultrasound test showed average 
reliability of ICC (r = 0.32 (95% CI 0.26–0.38). Heteroge-
neity was estimated using I2 = 48.72 (Table 2). The effect 
sizes exhibited moderate heterogeneity (based on the Q 
statistics and the I2 indices), supporting the decision to 
apply the random-effects model. Correlation between 
the two methods with random model was r = 0.359, (95% 
CI 0.26–0.44, P = 0.000). The limits of agreement were 
0.267–0.446. Based on the value of the ICC with a 95% 
confidence interval, the correlation between the two 
methods for the measurement of cervical dilatation was 
poor. Forest plot of the intra-tester and inter-methods 
reliability as seen in Fig.  3 was obtained in the studies 
that applied TPUS or TIUS versus DVE to measure cervi-
cal dilatation.

Sub‑group analysis by gravidity
Seven studies included 439 nulliparous women, and six 
studies included 168 multigravida women. Overall, ICC 
reliability was 0.32 (95% CI 0.26–0.38). The fixed-effect 
model showed that in nulliparous participants the cor-
relation between ultrasound measurements and digi-
tal examinations for measurement of cervical dilatation 
during labor is r = 0.349, (95% CI 0.25–0.43 P = 0.000) 

Fig. 2 Risk of bias and applicability concerns summary: review 
authors’ judgments about each domain for each included study
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(Fig. 4). The limits of agreement were 0.258–0.434. The I2 
was 72.905, which means that 72% of the observed vari-
ance between studies is due to fundamental differences in 
the effect size. Only about 28% of the observed variance 
would have been expected based on random error. Tau-
squared is 0.054. This is the “between studies” variance 
that was used in computing weights. The random-effect 
model was then used to give more weight to smaller 
studies. The correlation between the two methods with 
the random-effect model is r = 0.497 (95% CI 0.29–0.65 
P = 0.000) (Fig.  5). Based on the value of the ICC with 
95% confident intervals, the correlation between the two 
methods was poor in the nulliparous (ICC lower than 
seven).

In multigravida women, as seen in Fig. 6, because Tau-
squared is 0.158, the random-effect models for the ultra-
sound test were used, and results showed an average 
value [ICC (r = 0.676, 95% CI 0.419–0.833), P = 0.000]. 
In this model, I2 was 78.007, showing the correlation 
between the two methods is moderate in the multigrav-
ida women (Fig. 7).

Discussion
Summary of main findings
The primary purpose of the current meta-analysis was to 
estimate both the inter- and intra-methods reliability of 
using ultrasound compared to DVE in detecting cervical 
dilation measures. In this systematic review, ten stud-
ies were included. Overall, the random model showed 
poor reliability between the two methods. This can be 
because the women participating in these studies were 
not homogenous in terms of parity.

The subgroup analysis showed that the correlation 
between DVE and ultrasound in nulliparous women was 
poor, while this correlation in multiparous women was 
moderate. This means that in multigravida women, ultra-
sound measurements and digital examinations for cer-
vical measures during labor are consistent. Overall, the 

pooled data indicated a low value of ultrasound diagno-
sis, resulting in conflicts with independent studies.

DVE is still the most commonly utilized method to 
assess cervical dilatation, fetal presentation, fetal posi-
tion, and fetal descent during all stages of labor. However, 
DVE is associated with pain and the risk of infection. 
Therefore, clinicians tried to replace DVE with other 
methods, such as trans-perineal ultrasound.

The texture of the cervix changes dramatically after the 
first birth. Some women undergo rupture of the cervix at 
birth. Therefore, it is logical that multipara women would 
have a differently shaped cervix compared with their nul-
liparous counterparts [29]. It is also possible that the cer-
vix drastically remodels, reorganizes, and softens during 
gestation. Thus, the consistency and integrity of the cer-
vix vary at different gestational age. As the fetus descends 
to the pelvis, more pressure is placed on the cervix. 
Hence, the length of the cervix is expected to shorten as a 
pregnancy progresses [30].

This is especially true in nulliparous women as the fetal 
descent happens during the last 4  weeks of pregnancy, 
and it is a slow descent, rather than a fast one, as seen in 
multiparous pregnancies. Moreover, women with elon-
gated cervix might have more fiber in the cervix, making 
the cervix’s mechanics and structure different from those 
with the shorter cervixes [31].

In this study, we found a low value of ultrasound diag-
nosis, which conflicts with the independent studies. 
This could be due to the high heterogeneity found in 
our pooled data. The resolution lies in more sample size, 
which translates to conduct more quality RCTs. Further-
more, some of the included studies had very low sample 
sizes, and the effect of confounders such as the timing of 
membrane rupture, was not apparent. The studies also 
failed to mention whether the data were collected during 
the active or latent phase of labor.

The preliminary results of Zimerman et  al. showed 
that ultrasound to detect cervical dilation is considered 

Study name Statistics for each study Correlation and 95%CI

Lower Upper
Correlation limit limit Z-Value p-Value

Benediktsdotti 2015 0.212 0.000 0.406 1.962 0.050
Cuerva 2019 0.339 0.086 0.551 2.590 0.010
Dimassi 2016 0.361 0.187 0.513 3.927 0.000
Hassan 2013 0.693 0.349 0.873 3.416 0.001
Hassan 2014 0.443 0.194 0.639 3.333 0.001
Kim 2018 0.564 0.314 0.741 3.989 0.000
Wiafe 2018 0.184 0.045 0.316 2.580 0.010
Wilkinson 2018 0.275 0.140 0.400 3.911 0.000
Yuce 2015 0.484 0.215 0.685 3.343 0.001
Zimerman 2009 0.443 0.194 0.639 3.333 0.001

0.322 0.259 0.381 9.558 0.000
-0.50 -0.25 0.00 0.25 0.50

FavoursA FavoursB

Meta Analysis

Meta Analysis

Fig. 3 Average intra-tester and inter-session reliability of ICC between ultrasound measurements and digital examinations of cervical dilatation
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Studyname Statistics for eachstudy Correlation and95%CI

Lower Upper Relative Relative
Correlation limit limit Z-Value p-Value weight weight

Cuerva 2019 0.590 0.170 0.828 2.623 0.009 3.94
Kim 2018 0.789 0.510 0.918 4.138 0.000 3.94
Wiafe 2018 0.221 0.054 0.376 2.582 0.010 34.65
Wilkinson 2018 0.285 0.145 0.414 3.913 0.000 46.72
Yuce 2015 0.618 0.295 0.814 3.384 0.001 5.77
Zimerman 2009 0.652 0.318 0.842 3.397 0.001 4.99

0.349 0.258 0.434 7.107 0.000

-0.50 -0.25 0.00 0.25 0.50

Favours A Favours B

Meta Analysis

Meta Analysis

Fig. 4 Average intra-tester and inter-session reliability of ICC between ultrasound measurements and digital examinations of cervical dilatation in 
nulliparous

Fig. 5 Effect size model for heterogeneity estimated in nulliparous

Studyname Statistics for eachstudy Correlation and95%CI

Lower Upper Relative Relative
Correlation limit limit Z-Value p-Value weight weight

Cuerva 2019 0.408 0.106 0.641 2.597 0.009 19.85
Kim 2018 0.981 0.870 0.997 4.624 0.000 9.03
Wiafe 2018 0.330 0.083 0.539 2.589 0.010 21.01
Wilkinson 2018 0.854 0.592 0.953 4.219 0.000 14.81
Yuce 2015 0.708 0.361 0.883 3.424 0.001 16.41
Zimerman 2009 0.570 0.264 0.772 3.367 0.001 18.90

0.676 0.419 0.833 4.287 0.000

-0.50 -0.25 0.00 0.25 0.50

Favours A Favours B

Meta Analysis

Meta Analysis

Fig. 6 Average intra-tester and inter-session reliability of ICC between ultrasound measurements and digital examinations of cervical dilatation in 
multigravida

Fig. 7 Effect size model for heterogeneity estimated in multigravida
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problematic [15]. However, Hassan et  al. showed that 
the correlation coefficient between ultrasound meas-
urements and DVE is relatively high (r = 0.82, P = 0.05) 
[11, 12].

Also, Wiafe et  al. in a systematic review showed a 
high correlation between ultrasound and digital exami-
nation of the cervix for detecting cervical dilation. Still, 
there was no significant difference in terms of success 
rate [32]. The discrepancy between the present study 
and the Wiafe et  al.’s study may be related to the fact 
that they recruited five studies. The heterogeneity in 
their meta-analysis was high (I2 = 96%), and they did 
not follow the DTA method.

DVE is the accepted clinical procedure for the detec-
tion of cervical dilatation during labor [33]. However, 
DVE is a manual procedure that heavily depends on 
the providers’ experience. It is therefore, considered an 
imprecise measurement if conducted by inexperienced 
clinicians [34]. In addition, examination and manipula-
tion of the cervix might cause discomfort to women. In 
contrast, in ultra-sonographic cervical dilatation meas-
urement, the uterine cervix is left intact, and natural con-
tour is preserved [15]. Also, cervical dilation changes in 
labor according to studies that used cervical ultrasound 
markers (clips) over time. Thus, two examiners may differ 
and yet both might be accurate [35]. Martorelli et al. also 
concluded that transvaginal ultrasound before the onset 
of labor in women with gestational age > 40 weeks might 
help predict failed labor induction. Still, it should not be 
used for performing a cesarean section [36].

Strengths and limitations
This was the first systematic review to compare the reli-
ability of ultrasound (TPUS or TLUS versus digital exam-
ination in detecting cervical dilation. The quality of the 
included studies was good, and most studies were free of 
serious biases.

Several limitations existed in this meta-analysis: (1) 
three studies failed to report parity; hence we were una-
ble to include these studies in our subgroup analysis; (2) 
some other confounders such as the timing of rupture of 
member and the active or passive phases of labor were 
not evident; and (3) the sample size of the included stud-
ies was very small. These limitations could have contrib-
uted to heterogeneity substantially.

Clinical application
According to this systematic review, the digital examina-
tion can be replaced by trans-perineal ultrasound in mul-
tiparous women, while using this method in nulliparous 
women needs more thorough studies.

Conclusion
Trans-perineal ultrasonography seems to be a reliable 
method for assessing labor progression in multigravida 
women, but its application in nulliparous women needs 
further studies.
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